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A polymer is a long-chain molecule formed by linking numerous simpler repeating chemical units, known as

monomers, with identical structures. Over the past two centuries, there has been a significant increase in the global

production and use of petrochemical-based plastics. This surge has led to widespread ecological imbalances,

affecting air quality, terrestrial and marine ecosystems, food chains, and plant life. Consequently, the excessive use

of such polymers has created challenges in solid waste management, with methods like bio- or photo-degradation,

incineration, landfilling, and recycling proving to be time-consuming and laborious. Therefore, there is a growing

urgency for biodegradable polymers due to increasing demand. Biodegradable polymers consist of interconnected

monomers with unstable links in the backbone, facilitated by various functional groups. Throughout the degradation

process of these polymers, numerous biologically acceptable molecules are produced. This study examines the

significance of biopolymers over petroleum-based counterparts, offering a detailed analysis. It is noteworthy that

within the spectrum of biodegradable polymers, polyhydroxyalkanoates (PHAs) emerge as exceptionally promising

candidates for substituting petroleum-derived polymers, owing to their remarkable physical attributes. Therefore,

this study provides a systematic overview of PHAs, including their classification, historical background, methods of

production, potential challenges to commercialization, and diverse applications.
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1.1. Overview to Petroleum-Derived Polymers

A polymer is a long-chain macromolecule composed of the interlinking of a large number of simpler repeating

chemical units, also referred to as monomers, with identical structures. The term “polymer” originates from classical

Greek, where “poly” signifies “many” and “meres” denotes “parts”. This etymological foundation reflects the

fundamental characteristic of polymers. Natural polymers, such as proteins, cellulose, resin, wool, and silk, occur in

nature. Synthetic polymers, including polyethylene, polypropylene, polystyrene, polyvinyl chloride, and nylon, are

produced through chemical synthesis. Some natural polymers, like natural rubber (polyisoprene) derived from the

Hevea tree, can also be synthesized artificially .

Over the past two centuries, global production and utilization of petrochemical-based plastics have surged

significantly, causing ecological imbalances across air quality, ecosystems, food chains, and plant life . For

instance, global plastic production rose from two million tons in 1950 to over 400 million tons by 2022 . Figure 1a

illustrates the growth of petroleum-derived plastics over this period.
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Initially, the adoption of petroleum-based plastics, such as polyethylene and polypropylene, aimed to enhance

quality of life and comfort. This was due to their superior thermal, mechanical, electrical, and optical properties

compared to conventional materials, as well as their cost-effectiveness. However, their pervasive use has led to

challenges in solid waste management, incineration, landfilling, and recycling, which are labor-intensive and time-

consuming . Hence, the necessity for biodegradable polymers has become increasingly pressing. According to

European Bioplastics e.V. (Berlin, Germany), as of 2022, bioplastics account for approximately 0.5 percent of the

more than 400 million tons of plastic produced annually .

Figure 1. (a) Annual worldwide production of plastics from 1950 to 2022 (in million metric tons) and (b) production

capacity of bioplastics globally from 2022 to 2028, categorized by type (in 1000 metric tons). * Figures from 2023 to

2028 are projections. Source: Statista—Bioplastic industry worldwide (2024) .

Based on data sourced from Statista, it has been revealed that the worldwide production capacity of bioplastics

(biodegradable and bio-based/non-biodegradable) stood at 1.8 million tons in 2022. Current projections indicate an

extraordinary trajectory for the industry, with anticipated growth leading to a production capacity of 7.5 million tons

by 2028. This surge in bioplastic production capacity not only reflects a shift towards environmentally conscious

practices but also signals a promising future for the bioplastics sector, poised to play a pivotal role in mitigating the

environmental impacts associated with traditional plastics. Figure 1b encapsulates the production capacity of

bioplastics in the year 2022 and the projections extending from 2023 to 2028 provide a glimpse into the anticipated

growth trajectory of the bioplastics industry, highlighting its potential to meet the increasing demand for eco-friendly

materials in a world increasingly focused on environmental sustainability .
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1.2. Overview to Bio-Based Polymers

According to ASTM standard D-5488-94d , “biodegradable” refers to the capability of a substance to breakdown

into biomass, carbon dioxide (CO ), inorganic substances, methane (CH ), water, or primarily through the

enzymatic action of microorganisms. This process can be measured by standardized tests within a specified

period, reflecting typical disposal conditions . Biodegradable polymers are composed of monomers

interconnected via unstable links in the backbone, facilitated by various functional groups. During the degradation

process of these polymers, various biologically accepted molecules are formed . Based on the synthesis process,

biodegradable polymers can be categorized into four main types: those derived from biomass, polymers produced

through microbial processes, polymers originating from monomers sourced from agricultural resources, and

polymers synthesized through chemical methods . A diagram depicting diverse categories of biodegradable

polymers has been presented, accompanied by specific examples, as shown in Figure 2.

Figure 2. Classification of biodegradable polymers based on the synthesis process. Adapted with permission from

ref. . 2012 Springer Nature.
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